During the LHC Run-2, ALICE has collected data from Pb-Pb collisions at √ s NN = 5.02
Introduction
The ultimate goal of heavy-ion physics is the study of the properties of the Quark-Gluon Plasma (QGP), a de-confined state of matter in which chiral symmetry is restored. The presence of a deconfined phase manifests with typical signatures that can be quantified by studying the particle production. In particular the measurement of identified particles provides a unique way to gain insight into the physical quantities at play. The latest Pb-Pb runs at the LHC, concluded in 2015, recorded Pb-Pb collisions at the highest energy ever achieved in the laboratory, allowing the quantitative comparison with collisions at lower energy. The ALICE experiment 1,2 , thanks to its excellent tracking performance coupled with extensive particle identification (PID) capabilities, is particularly well suited for the study of identified hadron production over a wide range of transverse momentum. This is achieved by combining multiple techniques that allow, at midrapidity, to perform hadron identification starting from 100 MeV/c and up to ∼ 20 GeV/c.
Data analysis and results
We report results on the production of identified π, K, p and φ-meson production measured in Pb-Pb collisions at √ s NN = 5.02 TeV as a function of centrality. The data sample was recorded in 2015 with a minimum-bias trigger. The total charge collected in the V0 detectors (V0M amplitude), a set of two scintillator hodoscopes located in the pseudorapidity region 2.8 < η < 5.1 (V0A) and −3.7 < η < −1.7 (V0C) and covering the full azimuth, was used to determine the centrality of each Pb-Pb collision defined as percentiles of the total hadronic cross section. Further details on the centrality determination can be found in 3, 4 . The amount of pile-up per event was reduced by selecting runs with low interaction rate and by rejecting events with more than one reconstructed vertex, resulting in a negligible contamination effect. The p T spectra of identified π, K and p are shown for two centrality classes in Figs. 1(a) and 1(c). This measurement refers to primary particles 5 only, i.e. the contributions from weak decays of strange particles and from particle knock-out in the material were removed with the data driven approach described in 6 . The systematic uncertainties were estimated by varying the PID techniques and the selection criteria used to define the track sample. The evaluation of the efficiencies and acceptance corrections was performed by using events simulated with the HIJING 7 event generator and embedded into a detailed description of the ALICE detector through which tracks are propagated with the GEANT3 between the two centralities reveals steeper falling spectra for the peripheral case, while for the central one particles are boosted towards higher p T following the mass hierarchy typical of radial flow. The spectral shapes are compared to the predictions from different models such as iEBE-VISHNU with TRENTo and AMPT initial conditions 9,10 , IP-Glasma + Music + UrQMD (McGill) 11 and EPOS-LHC 12 . In central collisions, the description of the data is qualitatively good especially at low p T where hydrodynamics is expected to work the best. EPOS-LHC is found to give a better description of the peripheral collisions. The particle ratios p/π and K/π are computed and compared to the predictions of the same models in Figs. 1(b) and 1(d). In central collisions the agreement is remarkably good at low p T (below 2 GeV/c) for the K/π ratio (meson/meson), the ratio is also well reproduced by EPOS-LHC up to high p T ; on the contrary in peripheral collisions only EPOS-LHC is able to reproduce the data well. The p/π ratio (baryon/meson) is well described at low p T by the iEBE-VISHNU model, while McGill shows increasing discrepancies and EPOS-LHC agreement is good only above 2 GeV/c. In peripheral collisions the iEBE-VISHNU model describes the data below 1 GeV/c and EPOS-LHC generally overestimates the value of the p/π ratio. The picture depicted by the models indicates that hydrodynamics is at work in central heavy ion collisions and is able to describe the data, while in peripheral collisions the description is more difficult and a core-corona such as EPOS-LHC is able to better describe the data. These observations advocate the creation of a fireball subject to larger flow in central heavy-ion collisions while in peripheral collisions hydrodynamical models have more difficulty to describe the data. Similar conclusions can be drawn from the analysis of the spectral shape in the framework of the Blast-Wave model 13 , shown in Fig. 1(e) , which yields a larger transverse expansion velocity for the most central events.
In a complementary way, particle production can be studied more differentially by measuring the flow coefficients obtained studying the particle azimuthal distribution with respect to the common symmetry plane. In Figs. 2 and 3 , the results of the flow coefficients v 2 , As for the comparison to the measured particle spectra the model seems to describe flow coefficients better in central collisions for p T < 1, while an overestimation is observed in the same p T range in more peripheral ones. When performing this comparison it is important to note that in the theoretical models the breaking of the mass ordering for the φ-meson occurs during the hadronic re-scattering phase.
Conclusions
The ALICE Collaboration has presented the results on the production of identified pions, kaons, protons and φ-mesons measured as a function of the event centrality in Pb-Pb collisions at √ s NN = 5.02 TeV. Particle flow was quantified thanks to the analysis of the spectral shape in the Blast-Wave framework and the direct comparison to models as well as the measurement of v 2 , v 3 and v 4 coefficients and their comparison to the model predictions.
